Several group B streptococcal products have been previously found to stimulate human monocytes to produce tumor necrosis factor alpha. In order to identify the receptors involved in these responses, monocytes were stimulated with purified group-or type-specific carbohydrates or lipoteichoic acid in the presence of anti-receptor monoclonal antibodies, soluble CD14, or lipopolysaccharide-binding protein. Results indicate that CD14 plays an important role in tumor necrosis factor alpha responses to all of the stimuli tested. Moreover, both CD14 and complement receptor type 3 may be involved in responses to the group-antigen.
Group B streptococci (GBS) are a major cause of neonatal sepsis and meningitis (3) . The course of these infections is often rapidly fatal, with shock and multiple-organ failure (2) . Many of the manifestations of septic shock have been related to the exaggerated release of proinflammatory cytokines upon the interaction of host cells with microbial products. Previous studies have indicated that tumor necrosis factor alpha (TNF-␣) plays an important pathophysiologic role in models of GBS sepsis (7, 19, 25) . In fact, prophylaxis (25) or treatment (15) with anti-TNF-␣ antibodies was beneficial in neonatal rats infected with GBS.
Recent studies were aimed at identifying GBS components responsible for cytokine induction. A number of such components, including the type-and group-specific polysaccharides (CHOs), lipoteichoic acid (LTA), and cell walls, were shown to induce a significant release of TNF-␣, interleukin 1, or interleukin 6 (20, 21, 23, (28) (29) (30) . Little is known of monocyte receptors involved in cytokine responses to GBS components. Peptidoglycans and LTAs from other gram-positive bacteria were shown to stimulate cytokine release through the involvement of CD14, a glycosyl-phosphatidyl-inositol-anchored protein which has an important role in mediating cell activation by the lipopolysaccharide (LPS) component of gram-negative bacteria (6, 16, 31, 32) . Binding of LPS to CD14 is greatly enhanced by LPS-binding protein (LBP), which may account for the ability of serum to enhance LPS responses (22) . Moreover, soluble CD14 (sCD14), also a serum factor, can mediate LPS-induced activation phenomena in CD14-negative cells (13) .
A recent study focused on receptors involved in cell activation by GBS cell walls (23) . Blocking of either CD14 or CD18, the common ␤ subunit of CR3 and CR4, decreased cell wallinduced TNF release. Purified cell walls of GBS contain large amounts of polysaccharides, which are covalently linked to the peptidoglycan moiety. Up to 37.4 and 22.1% of group-and type-specific CHOs, respectively, were estimated to be present in GBS cell walls (10) . Therefore, it is unclear whether different cell wall components are separately responsible for the CD14-and CD18-dependent effects observed with the cell walls. The present study was undertaken to identify human monocyte receptors involved in TNF-␣ responses to purified surface GBS components, including the type-and group-specific carbohydrates and LTA.
Anti-receptor mouse monoclonal antibodies (MAbs) were purified by protein G affinity chromatography (GammaBind G Sepharose; Pharmacia Biotech, Milan, Italy) from the culture supernatants of the following hybridomas: TS1/18 (anti-CD18), LM-2/1.6 (anti-CD11b), HB 247 (60bca anti-CD14), and TIB 228 (3C10 anti-CD14). All of these hybridomas were purchased from the American Type Culture Collection (Manassas, Va.). MAb 6H8, which recognizes a widely distributed 180-kDa glycoprotein (T. Espevik and B. Naume, unpublished observation), or mouse immunoglobulin G1 (IgG1) (Sigma Chimica, Milan, Italy) were used as controls. Monocytes were obtained from the peripheral blood of healthy adult donors by centrifugation on Ficoll-Hypaque (Pharmacia) and adherence (8) . Monolayers were incubated with plain medium (RPMI 1640; Life Technologies, Milan, Italy), control IgG1, or MAbs at the indicated concentrations for 30 min at 37°C before the addition of the stimuli. After a 4-h incubation with the stimuli, culture supernatants were collected and stored at Ϫ70°C until assayed for TNF-␣ production. TNF-␣ was detected by a cytotoxicity assay employing WEHI 164 clone 13 cells (12), as previously described (25) . In some experiments, cytotoxicity results were confirmed with a commercial enzyme-linked immunosorbent assay (ELISA) with a sensitivity of 5 pg/ml (Cytoscreen hTNF-␣ ELISA kit; BioSource International, distributed by Celbio, Milan, Italy). Results were converted into units with an rTNF-␣ standard with a specific activity of 7.6 ϫ 10 7 U/mg.
Since normal serum components are known to markedly affect LPS responses, monocytes were stimulated both in the presence and in the absence of heat-inactivated (56°C for 30 min) fetal calf serum (FCS; Life Technologies) with purified GBS products, obtained as previously described (21, 26) . Significant endotoxin contamination in these preparations was excluded, based on observations that their TNF-␣-inducing activities were not affected by the endotoxin-inactivating agent polymyxin B (20 g/ml; Sigma) (not shown). Figure 1 shows the results obtained with the type III CHO and LTA. FCS was not an absolute requirement for TNF-␣ induction by the type CHO or LTA (Fig. 1) . Its presence, however, significantly increased TNF-␣ release at all tested doses of these stimuli. Further experiments were performed with human serum obtained from healthy volunteers. These serum samples were devoid of antibodies against GBS and LTA as assessed by conventional ELISA and passive hemagglutination, respectively (20, 24, 30) . These experiments showed that not only FCS but also human serum had marked costimulatory activities (not shown). Figure 1 shows that anti-CD14, but not anti-CD18 or anti-CD11b, significantly reduced TNF-␣ elevations produced by the type CHO or LTA, both in the presence and in the absence of serum. These effects were confirmed by showing that TNF-␣ induction by the type antigen could be inhibited by a different blocking anti-CD14 MAb (3C10), but not by the isotype-matched control MAb 6H8 (Fig. 2) . Figure 3 shows the effects of MAbs on group CHO-induced stimulation. As previously observed with the type CHO or LTA, heat-inactivated FCS enhanced, and anti-CD14 decreased, TNF-␣ responses (Fig. 3) . Significant reduction by anti-CD14 was observed both in the presence and in the absence of FCS. However, anti-CR3 antibodies which, as shown above, had no effects on type CHO or LTA stimulation markedly influenced group B CHO-induced TNF-␣ release. In fact, while significant inhibition was produced by anti-CD18, antiCD11b strongly enhanced TNF-␣ release (Fig. 3) . Moreover, experiments using anti-CD11b controls concurrently with group CHO stimulation confirmed results shown in Fig. 3 . Specifically, there was a marked enhancement of TNF-␣ release by combinations of group B antigen and anti-CD11b, relative to that of anti-CD11b controls (not shown). To rule out that the observed enhancing effects of anti-CD11b were due to endotoxin contamination, anti-CD11b was added to monocyte monolayers in the absence of bacterial stimuli. AntiCD11b at levels of Ͼ10 g/ml produced, in the absence of other stimuli, TNF-␣ elevations which never exceeded 6% of maximal, Salmonella enterica serovar Enteritidis LPS-induced stimulation (not shown). These slight TNF-␣ responses were not inhibited by polymyxin B, ruling out contamination of the antibody preparation.
Further studies were conducted to identify the factors responsible for the observed serum-induced enhancement of TNF-␣ responses to GBS products. Specifically, we examined the effects of sCD14 and LBP, which are both normal serum components and can enhance LPS responses. Recombinant sCD14 and LBP were prepared as described previously (14) . The addition of LBP, but not sCD14, increased TNF-␣ production when the type III CHO was used as stimulus (Fig. 4) . However, the combination of LBP and sCD14 enhanced TNF-␣ release to higher levels than those observed with LBP alone. Similarly, LBP and sCD14, in combination, had marked synergistic effects in enhancing group CHO-induced TNF-␣ production (Fig. 4) .
Considerable amounts of extracellular products are released by GBS in body fluids during invasive infections, either spontaneously (4, 11) or by the effect of ␤-lactam antibiotics (1). In view of the potential pathogenetic role of TNF-␣ in GBS disease, the mechanisms leading to cytokine release upon stimulation with purified GBS products may be of interest. Our data indicate that the type III antigen, the group B CHO, and LTA can all induce TNF-␣ secretion through mechanisms that involve CD14, as suggested by the marked inhibitory activities of anti-CD14 MAbs. Our data do not exclude that, in addition to CD14, other receptors may be involved in such responses. In this respect, the role of Toll-like receptors should be further investigated, in view of the ability of Toll-like receptor 2 expression in CHO cells to confer responsiveness to whole staph- ylococci and pneumococci (34) . Studies to address this point are underway.
Our data are in general agreement with the notion that CD14 is a broad-specificity receptor involved in cell activation phenomena by a large number of diverse microbial components, including LPS (9, 27, 33, 36) , soluble peptidoglycan (16, 31, 32) , LTAs (6, 17) , mannuronic acids (18) , and cryptococcal glycoproteins (5) .   FIG. 2 . TNF-␣ production induced in human monocytes by GBS type III polysaccharide in the absence or in the presence of 25% A ϩ human serum. Human monocytes were pretreated with 100 g of the blocking 3C10 anti-CD14 or the isotype-matched control 6H8 MAb per ml before stimulation with GBS type III CHO. Points and bars represent means Ϯ standard deviations of three independent observations. ‫,ء‬ significantly (P Ͻ 0.05) different from controls by one-way analysis of variance and Student-Newman-Keuls test .   FIG. 3 . TNF-␣ production induced in human monocytes by group B polysaccharide in the absence (A) or presence (B) of heat-inactivated FCS. Human monocytes were pretreated with MAbs (100 g/ml) before stimulation with group B CHO. The following MAbs were employed: TS1/18 (anti-CD18); LM-2/1.6 (anti-CD11b); HB 247 (anti-CD14). Columns and bars represent means Ϯ standard deviations of three independent observations. ‫,ء‬ significantly (P Ͻ 0.05) different from controls by one-way analysis of variance and Student-Newman-Keuls test.
Binding of LPS to CD14 is greatly increased by serum LBP, which may account for the ability of serum to enhance LPS responses (22) . Similarly, in the present study, the TNF-␣-inducing activities of GBS products were enhanced by serum. These effects could, at least partially, be accounted for by combinations of LBP and sCD14, both normal serum components. In fact, the addition of LBP dramatically enhanced TNF-␣ secretion induced by the type and the group CHO, and this effect was further potentiated by sCD14. Collectively, our data demonstrate that GBS products can activate monocytes by mechanisms that at least partially resemble those involved in LPS responses, although their potency in these activities is considerably lower, relative to that of LPS. It is unlikely that endotoxin contamination of the GBS products used accounts for the similarity with LPS activation mechanisms. This is indicated by the inability of the endotoxin-inactivating agent polymyxin B to influence TNF-␣ release (not shown). Moreover, the endotoxin content of the type-and group-specific antigen preparations was Ͻ5 pg/ml.
A number of microbial products, including LPS, were previously shown to bind CR3, but whether such interactions can lead to TNF-␣ release has not been investigated. The present study indicates that, in addition to CD14, CR3 (CD18/CD11b) may be involved in responses to the group CHO, as evidenced by the ability of anti-CR3 to markedly affect stimulation by the group-antigen, but not by the type-antigen or LTA. This raises the possibility that the group CHO binds, either alone or in association with CD14 and LBP, to CR3 to induce activation phenomena. It may be interesting, in this context, that CR3 can bind to LBP and, in the presence of LPS, associate with surface CD14 on the plane of the membrane (35) . Interestingly, while significant inhibition was produced by anti-CD18, anti-CD11b strongly enhanced the group CHO-induced TNF-␣ release. It is unlikely that the enhancing effects of anti-CD11b were due to endotoxin contamination since they were not abrogated by polymyxin B. We hypothesize that binding of the group CHO to CR3 may be insufficient, even in the presence of LBP or CD14, to produce maximal cross-linking of the receptor. This could be achieved experimentally with anti-CD11b antibodies, which could explain their ability to enhance group CHO-induced activation. Further studies are needed to prove this hypothesis. It is unlikely that the observed differences in the effects of anti-receptor antibodies using various GBS stimuli were due to differences in the kinetics of TNF-␣ responses. In fact, experiments performed by collecting supernatants at 24 h after addition of all of the GBS products produced similar results to those observed with supernatants collected at 4 h after the addition of the stimuli.
In conclusion, our data indicate that CD14 is involved in responses to the type III CHO and LTA of GBS while CR3, in addition to CD14, may be involved in responses to the group CHO. These data may be useful to devise alternative therapeutic strategies aimed at preventing mediator production during GBS sepsis.
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